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INTRODUCTION
Bovine seminal vesicles secrete a family of acidic proteins designated BSP-A1, BSP-A2, BSP-A3, and BSP30kDa (collectively called bovine seminal plasma [BSP] proteins). BSP-A1, -A2, and -A3 have apparent molecular masses ranging from 15 to 17 kDa and the BSP-30kDa protein has a molecular mass of 28 to 30 kDa [1] [2] [3] [4] [5] [6] . BSP-A1 and -A2, also designated PDC-109 [7] or BSP-A1/-A2, have an identical amino acid sequence but their difference resides in their degree of glycosylation. BSP-30kDa is also a glycoprotein, whereas BSP-A3 does not contain any carbohydrate [4] . The structure of each BSP protein contains two tandemly arranged homologous domains that are similar to the type II structures present in the collagen-binding domain of fibronectin [3, [7] [8] [9] [10] . This structural property allows BSP protein to bind gelatin, heparin [11] , high-density lipoprotein (HDL), choline phospholipids, and lowdensity lipoprotein fraction (LDF) from hen's egg yolk [12] [13] [14] [15] .
Seminal plasma contains BSP-homologous proteins in a variety of mammalian species; such as boar (pB1 [16] [17] [18] ), stallion (HSP-1, HSP-2, and HSP-12kDa [16, 19, 20] ), and goat (GSP-14kDa, GSP-15kDa, GSP-20kDa, and GSP22kDa [21] ). BSP-like antigens are also present in rat, mouse, hamster, and human seminal plasma [22] . The biological properties of BSP proteins have been extensively studied [23] . They play a role in fertilization, more specifically in sperm capacitation [13, 14, 24, 25] . A recent report demonstrated that BSP-A1/-A2 (PDC-109) protein enable sperm to bind the oviductal epithelium and plays a major role in the formation of the oviductal sperm reservoir [26] .
The general mechanism of capacitation proposed by our laboratory includes modification of the sperm membrane by BSP proteins [23] . At ejaculation, sperm are exposed to seminal plasma, which contains BSP proteins. BSP proteins bind to sperm membrane choline phospholipids [12] and stimulate cholesterol efflux from the sperm membrane (first cholesterol efflux) [24] . When sperm reach the oviduct, HDL present in oviductal and/or follicular fluid interact with the sperm membrane, which results in further removal of cholesterol (second cholesterol efflux). This cholesterol efflux destabilizes the sperm membrane, increases permeability to certain ions such as Ca 2ϩ , changes internal pH, and increases membrane fluidity and metabolism, leading to the capacitation state [27] [28] [29] . Moreover, heparin-like glycosaminoglycans (GAGs) in the female genital tract could also play a role in this capacitation mechanism because GAGs also interact with BSP proteins [25, 30] .
Converse to this positive role in fertility, BSP proteins may also have negative effects on sperm in the context of sperm storage. Because lipid efflux induced by BSP proteins is time and concentration dependant, continuous exposure of sperm to seminal plasma that contains BSP proteins can be detrimental to the sperm membrane and renders the membrane very sensitive to storage in liquid or frozen states [15] . Recent results indicate that BSP proteins form stable complexes with LDF from hen's egg yolk used in sperm preservation media [15] . This interaction appears to play a key role in protecting sperm against the deleterious effect of BSP proteins, thereby permitting sperm preservation in a liquid or frozen state.
The growth of the bison industry over the past 10 yr has created the urgent need of novel reproductive technologies to optimize the quality and rapidity of bison production. However, to date, bison reproductive mechanisms are not well understood. In the present study, we took advantage of the affinity of BSP proteins for gelatin to isolate BSPlike homologs from bison seminal vesicle secretions. We also tested their binding ability to heparin and LDF from hen's egg yolk as well as their cross-reactivity with anti-BSP antibodies to confirm their structure-function relationship to BSP proteins. We quantified the amount of BSPrelated proteins in bison seminal vesicle secretions using radioimmunoassays. In addition, N-terminal sequences of bison seminal vesicle (BiSV) were determined to establish the structural relationship with BSP proteins.
MATERIALS AND METHODS

Materials
Gelatin was purchased from Eastman Kodak Company (Rochester, NY). Affi-Gel 15, SDS, and other electrophoresis products were from BioRad (Mississauga, ON, Canada). Sephadex G-50 (super fine) and heparinSepharose CL-6B were from Amersham Biosciences (Baie d'Urfé, QC, Canada). Acrylamide and bisacrylamide were purchased from ICN (Mississauga, ON, Canada). Immobilon-P polyvinylidene fluoride (PVDF) membranes were purchased from Millipore (Nepean, ON, Canada). HPLCgrade trifluoroacetic acid (TFA) was from Fisher Scientific (St-Laurent, PQ, Canada). All other chemicals used were of ultrapure grade and were obtained from local suppliers, mostly Fisher Scientific and Sigma-Aldrich 
Isolation of Bison Seminal Vesicle Secretory Proteins
Bison seminal vesicle secretions were obtained by gently squeezing seminal vesicle tissues and collecting fluid in a plastic tube. Approximately 1 ml of seminal vesicle secretions were collected, diluted in 4 ml of 0.05 M phosphate buffer (PB), and centrifuged (10 000 ϫ g, 10 min) to remove cellular debris. Nine volumes of cold (Ϫ20ЊC) ethanol were added and left with constant stirring for 90 min at 4ЊC to precipitate the proteins. Proteins were then recovered by centrifugation at 10 000 ϫ g for 10 min. The precipitates were washed three times with cold ethanol. The precipitates were then solubilized and dialyzed against 50 mM ammonium bicarbonate and lyophilized. Approximately 225 mg of dried powder, designated crude bison seminal vesicle secretory proteins (starting material), was recovered and stored at 4ЊC until further purification.
Gelatin-Agarose Affinity Chromatography
Gelatin was coupled to Affi-Gel 15 as described previously [3] . All purification steps were conducted at 4ЊC. One hundred milligrams of lyophilized crude bison seminal vesicle secretory proteins were dissolved in 3 ml PB and loaded on a gelatin-agarose column at a flow rate of 30 ml/ h, which was previously equilibrated with the same buffer. Once the sample entered the column, the flow was stopped for 30 min to allow proteins to interact with the gel. After unadsorbed proteins were washed out with PB, the bound protein fraction was eluted with 5 M urea in PB. Fourmilliliter fractions were collected with a fraction collector (FRAC-100) and their absorbance at 280 nm was measured. Then the fractions corresponding to each peak were pooled. Fraction A was dialyzed against ammonium bicarbonate 50 mM and lyophilized. Half of fraction B was dialyzed against 50 mM ammonium bicarbonate and lyophilized whereas the other half of fraction B was dialyzed against PB and used in the next step.
Heparin-Sepharose Affinity Chromatography
All steps were conducted at 4ЊC at a flow rate of 20 ml/h. The gelatinagarose-adsorbed proteins (fraction B) dialyzed against PB were concentrated to 2 ml and loaded on a heparin-Sepharose CL-6B column, which was previously equilibrated with the same buffer. Once the sample entered the column, the flow was stopped for 30 min to allow proteins to interact with the gel. The column was then washed with PB to remove unadsorbed proteins and the bound proteins were eluted with 1 M NaCl in PB. Fourmilliliter fractions were collected and their absorbance at 280 nm was measured. Fractions corresponding to each protein peak were pooled, dialyzed against 50 mM ammonium bicarbonate, and lyophilized.
SDS-PAGE and Immunodetection of BSP-Related Proteins
Starting material, gelatin-agarose, and heparin-Sepharose fractions were denatured and separated in 15% polyacrylamide gel. The apparent molecular mass was estimated using the Low Molecular Weight Calibration Kit from Amersham Biosciences. Proteins in the gel were either stained with Coomassie Blue or transferred electrophoretically to immobilon-P PVDF membranes, as described previously [31] , using Trans-Blot Cell apparatus from Bio-Rad. Transferred proteins were stained with Coomassie Blue for N-terminal sequence analysis or used for immunodetection using specific antibodies against each BSP protein (BSP-A1/A2, BSP-A3, and BSP-30kDa) as described previously [6] .
Quantification of BSP-Related Proteins by Radioimmunoassays
Iodination of each BSP protein was performed by the lactoperoxidase method as described previously [32] . The quantity of BSP-related proteins present in starting material, gelatin, and heparin-unadsorbed and -adsorbed peaks A, B, B1, and B2 were determined by RIAs as described recently [33] . The assay tubes containing the 125 I-labeled and unlabeled antigen (BSP-A1/A2, BSP-A3, and BSP-30kDa) or bison seminal vesicle proteins, the primary antibodies (anti-BSP-A1/A2, anti-BSP-A3, and anti-BSP30kDa), and normal rabbit serum (1.5%, v/v) were incubated for 20 h at 37ЊC. After incubation, 500 l of 10% polyethylene glycol was added, the antibody-antigen complex was separated by centrifugation (2200 ϫ g, 20 min) and the radioactivity associated with the pellet was determined in a gamma counter (1272 CliniGamma; Pharmacia, Wallac, Finland).
RP-HPLC
Reverse phase-high performance liquid chromatography (RP-HPLC) was performed on bison seminal vesicle secretory proteins as described previously [21] . Dialyzed and lyophilized starting material, gelatin-agarose-unadsorbed and -adsorbed fractions, and heparin-Sepharose-unadsorbed and -adsorbed fractions were dissolved in 0.1% TFA and loaded on the column and eluted using a gradient of acetonitrile in 0.1% TFA. Fractions of 1 ml were collected at a flow rate of 1 ml/min. The eluting proteins were monitored at 235 nm and dried under vacuum.
Sequencing
Following transfer of the proteins to Immobilon-P membrane, the Coomassie Blue-stained protein bands were cut and placed in the sequenator reactor. Sequencing was carried out according to the manufacturer's protocol using an Applied Biosystems Procise sequencer (model 494; Foster City, CA).
Interaction of BiSV Proteins with Hen's Egg Yolk Lipoproteins
The binding of heparin-adsorbed fractions to LDF isolated from hen's egg yolk was studied using a Paragon electrophoresis kit (Beckman Coulter, Fullerton, CA). LDF from hen's egg yolk was isolated as described previously [15] . Fraction B1 containing BiSV-16kDa, fraction B2 containing BiSV-17kDa, BiSV-18kDa, and BiSV-28kDa, and cBSP proteins were incubated with LDF in Tris-HCl buffer in a total volume of 8 l for 15 min. Four microliters of each sample were loaded on the lipogel (0.5% Agarose gel) and subjected to electrophoresis. The electrophoresis was run at 100 V for 30 min, then the gel was dipped in fixative solution and dried. The lipid bands were subsequently stained with Sudan black B. Figure 1A shows the gelatin-agarose chromatography pattern of crude bison seminal vesicles secretory proteins (starting material). Fraction A represented the unadsorbed proteins and was eluted with PB. The adsorbed proteins were eluted with 5 M urea in PB and correspond to fraction B. The total weight of proteins recovered from the gelatinagarose column was approximately 85% of that of starting material and the adsorbed proteins constituted approximately 28% of the recovered proteins. Fraction B was analyzed by SDS-PAGE (Fig. 2) , which revealed the presence of four different proteins of apparent molecular masses of 16, 17, 18, and 28 kDa. We designated these proteins bison seminal vesicle secretory proteins, or BiSV proteins (BiSV16kDa, BiSV-17kDa, BiSV-18kDa, and BiSV-28kDa). Furthermore, the SDS-PAGE showed that fraction A contained a small amount of proteins having a molecular mass similar to BiSV-16kDa that did not bind gelatin-agarose.
RESULTS
Isolation and Purification of Gelatin-Binding Proteins
Gelatin-adsorbed proteins (fraction B) were loaded onto a heparin-Sepharose affinity column. Unadsorbed proteins were eluted with PB (Fig. 1B, fraction B1 ) and proteins bound to the column were eluted with buffer containing 1 M NaCl in PB (fraction B2). Approximately 72% of total proteins were recovered in fraction B after this chromatography step, of which fractions B1 and B2 represented 22% and 78%, respectively. The SDS-PAGE pattern (Fig. 2) showed that BiSV-16kDa did not bind heparin (unadsorbed fraction, B1) while BiSV-17kDa, BiSV-18kDa, and BiSV28kDa proteins bound heparin because they were contained in fraction B2. Figure 3 A, B, and C, shows the HPLC pattern of fractions B, B1, and B2, respectively. The elution pattern of fraction B showed the presence of two peaks. Peak I corresponded to BiSV-17kDa, BiSV-18kDa, and BiSV-28kDa. Peak II corresponded to BiSV-16kDa. The elution of fraction B1 (Fig. 3B , peak II) generated one peak, which corresponded to BiSV-16kDa. Proteins in fraction B2 did not separate and the elution pattern showed only one peak (peak I) containing BiSV-17kDa, BiSV-18kDa, and BiSV28kDa (Fig. 3C ). The identity of each peak was determined by SDS-PAGE analysis (data not shown).
RP-HPLC
Comparison of Amino-terminal Sequences of the BiSV Proteins and BSP Proteins
The N-terminal sequence of the first few residues (Fig.  4) of protein bands in fractions B1 and B2 (Fig. 2) showed that the sequences of BiSV-17kDa and -18kDa are identical to BSP-A1/A2 except for a reported glutamine at position 4 [7] . The sequence of BiSV-16kDa was identical to BSP-A3 sequence [9] and the N-terminal sequence of BiSV28kDa was identical to BSP-30kDa deduced by cDNA cloning [34] .
Cross-Reactivity of BiSV Proteins with BSP Antibodies
The presence of BSP-related proteins in starting material and gelatin-agarose and heparin-Sepharose fractions were detected by probing with purified antibodies raised against each of the BSP proteins (BSP-A1/A2, BSP-A3, and BSP30kDa) (Fig. 5 A, B , and C, respectively). All three antibodies (anti-BSP-A1/A2, -A3, and -30kDa) showed crossreacting proteins in starting material and the gelatin-adsorbed fraction (fraction B). In the gelatin-unadsorbed fraction (fraction A), an immunoreactive band was detected when probed with anti-BSP-A3. In addition, immunoreactive bands having the same molecular mass as BiSV-17/ 18kDa and BiSV-28kDa proteins were detected in the heparin-adsorbed fraction (fraction B2) when probed with anti-BSP-A1/A2 and anti-BSP-30kDa antibodies, respectively, while an immunoreactive band having the same molecular mass as BiSV-16kDa was detected in fraction B1 when probed with anti-BSP-A3. Anti-BSP-30kDa antibodies cross-reacted with three different proteins (Fig. 5C ): band 1 (strong reaction), corresponding to the 28-kDa protein present in starting material; fractions B and B2, band 2 (weak reaction), with a molecular mass around 27 kDa found in fraction B; and band 3 (weak reaction), with a molecular mass around 16 kDa present in fraction B and B1.
Quantification of BiSV Proteins
The cross-reactivity between anti-BSP antibodies with BiSV proteins allowed determination of the quantity of BSP-related proteins present in starting material (crude bison seminal vesicle secretory proteins), fractions A, B, B1, and B2 by radioimmunoassays (data not shown). The results showed that BiSV proteins represented approximately 25% of the crude bison seminal vesicle secretion proteins. BiSV-17kDa and BiSV-18kDa were the major BSP-related proteins and represented ϳ16% of the total crude bison seminal vesicle secretory proteins while BiSV-16kDa and BiSV-28kDa represented ϳ7% and ϳ2.5%, respectively. Heparin-unadsorbed proteins contained Ͼ95% of BiSV16kDa and heparin-adsorbed proteins contained ϳ82% of BiSV-17/18kDa and ϳ8% of BiSV-28kDa.
Interaction of BiSV Proteins with LDF
The gelatin-adsorbed fraction from bison seminal vesicle secretory proteins was used to test the binding of these proteins to LDF isolated from hen's egg yolk. As shown in Figure 6 , LDF incubated with heparin-unadsorbed and -adsorbed fractions migrated to the anode (lanes 3-6) , as did the positive control containing cBSP proteins (lane 7). This indicated the formation of a complex between BiSV proteins and hen's egg yolk, changing the overall charge of the molecule. LDF alone (lane 2) had a neutral charge and remained at the point of application.
DISCUSSION
In the present study, BSP protein homologs from crude bison seminal vesicle secretory proteins were isolated using gelatin-agarose column followed by a heparin-Sepharose column. This method allowed the identification of four BiSV proteins that we named BiSV-16kDa, BiSV-17kDa, 5 g) ; lanes 3 and 4, LDF (1.5 g) ϩ fraction B1 containing BiSV-16kDa (6 g and 12 g, respectively); lanes 5 and 6, LDF (1.5 g) ϩ fraction B2 containing BiSV-17kDa, BiSV18kDa, and BiSV-28kDa (6 g and 12 g, respectively); lane 7, LDF (1.5 g) ϩ cBSP proteins (6 g) as a positive control.
BiSV-18kDa, and BiSV-28kDa according to their apparent molecular mass.
The capacity of BSP proteins to bind gelatin, a denatured collagen, was used to isolate BSP homologous proteins from bison seminal vesicle secretion. The ability to bind gelatin is conferred by the presence of two fibronectin type II domains [3, [7] [8] [9] [10] . We can deduce that BiSV proteins, by their gelatin-binding property, are also constituted of similar type II structures. In view of their molecular masses, we also suggest that they contain two type II domains. The complete amino acid sequence, along with disulfide bridge assignment, should confirm their structural similarity.
BSP proteins and their homologs can bind GAGs, such as heparin, and play a role in sperm capacitation [13, 30] . The heparin-binding regions are characterized by clusters of basic amino acids [11] of high positive-charge density that electrostatically interact with the acidic groups of GAGs such as heparin. The present study shows that all BiSV proteins except BiSV-16kDa bind to heparin. Another important property exhibited by BSP proteins is that they form stable complexes with LDF [15] . The present study revealed that BiSV proteins also share this property.
BiSV-17kDa and BiSV-18kDa could be identical proteins that may differ principally by their degree of glycosylation, as in BSP-A1 and BSP-A2. This would explain the fact that these two proteins migrated as doublets on SDS-PAGE (Fig. 2) as in the case of BSP-A1/A2 [3] . Furthermore, BSP antibodies cross-reacted with BiSV proteins as well as with BSP proteins. Thus, BiSV proteins are homologs of BSP proteins. The gelatin-unadsorbed fraction contained a small amount of anti-BSP-A3 cross-reacting protein with a molecular mass similar to BSP-A3-related protein. This protein may be a new protein contained in bison seminal vesicle secretion with a high affinity for BSP-A3 antibodies or it could be the same BiSV-16kDa protein associated with choline phospholipids thus incapable of binding to the column. As shown in Figure 5C , anti-BSP30kDa cross-reacted with three proteins. Band 1 corresponds to BiSV-28kDa, as determined by N-terminal sequencing. It may be possible that band 2 correspond to a BiSV-28kDa degradation fragment [34] or to a novel homolog of BSP-30kDa [35] . On the other hand, band 3 could indicate a weak cross-reaction of BiSV-16kDa with anti-BSP-30kDa.
The high cross-reaction between anti-BSP antibodies and BiSV proteins allowed the quantification of each BiSV protein in seminal vesicle secretions by radioimmunoassay. Almost 25% of the total protein in bison seminal vesicle secretions represent BSP-related proteins. BiSV-17/18kDa, BiSV-16kDa, and BiSV-28kDa were present in 7:3:1 ratio, respectively. In bull seminal plasma, BSP proteins represent approximately 45% of total seminal plasma proteins and BSP-A1/A2, BSP-A3, and BSP-30kDa are present in the ratio of 11:1:1, respectively [33] . Given the strong sequence homology between BiSV and BSP proteins, it is probable that BiSV proteins play a similar physiological role in bison sperm capacitation. BSP protein homologs have previously been found in boar (pB1 [16] [17] [18] ), stallion (HSP-1, HSP-2, and HSP-12kDa [16, 20] ), and goat seminal plasma (GSP-14kDa, GSP-15kDa, GSP-20kDa, and GSP-22kDa [21] ). However, BiSV proteins are the only proteins that share complete sequence identity at the amino terminus with BSP proteins. The N-terminal sequence of BSP proteins shows no identity with the N-terminal sequence of boar, goat, and stallion homologs. However, BSP proteins and their homologs show identity in the type II domains.
In conclusion, we have shown that bison seminal vesicle secretions contain a group of four major proteins that are structurally related to the BSP family of proteins found in bull, boar, stallion, and goat seminal plasma. The bison homologs have the same properties as BSP proteins. They bound to gelatin and heparin and formed complexes with LDF from hen's egg yolk. Moreover, antibodies against BSP proteins cross-reacted with BiSV proteins with high affinity and the amino-terminal sequence showed almost 100% identity with BSP proteins. These results clearly demonstrate that proteins of the BSP family are ubiquitous in mammals and are meant to play the same biological role. Moreover, as with BSP proteins, BiSV proteins formed complexes with LDF from hen's egg yolk. Thus, hen's egg yolk could be used for bison semen preservation in liquid or frozen state for use in artificial insemination. Further investigations on the effect of BiSV proteins on bison sperm capacitation will help to understand the molecular basis of bison sperm capacitation.
